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Background: There are overlaps between autism and schizo-
phrenia but these are particularly pronounced, especially in 
social domains, for higher functioning individuals with autism 
spectrum disorders (ASD) or schizotypal personality disor-
der (SPD). It is not known whether these overlapping social 
deficits result from shared or distinct brain mechanisms. We 
therefore compared social cognition in ASD and SPD using 
functional magnetic resonance imaging (fMRI). Methods: 
Twenty-one individuals with SPD, 28 with ASD and 33 con-
trols were compared with respect to clinical symptoms using 
the Positive and Negative Syndrome Scale; social cognition, 
using a social judgment task and Ekman 60 faces task; and 
brain activation using an fMRI task of social judgment. 
Results: The ASD and SPD groups showed few differences 
in symptoms or social cognition. However, fMRI showed 
that, compared to ASD, the SPD group showed signifi-
cantly greater activation during social compared to gender 
judgments in the amygdala and 3 clusters: right posterior 
cerebellum, extending into fusiform and inferior temporal 
gyri; left posterior cerebellum; and left intraparietal sulcus 
extending through medial portions of the temporal gyri into 
the fusiform gyrus (all P < .05 family-wise error corrected). 
Control activations lay between the ASD and SPD groups. 
Conclusions: Although social cognitive deficits in ASD and 
SPD appear superficially similar they are the result of dif-
ferent brain mechanisms. These findings have implications 
for therapeutic interventions targeted at social dysfunction 
in these conditions.
Key words:  social cognition/negative symptoms/ 
imaging/fMRI
Introduction
The term autism was initially coined by Bleuler in 1911 
to describe a characteristic symptom of people with 
schizophrenia, specifically “detachment from reality, 
together with the relative and absolute predominance of 
the inner life.”1 It was first used to describe a specific dis-
order by Kanner in 1943, when he presented a case series 
of children affected by “autistic disturbance of affective 
contact.”2 Although initially thought to be a distinct 
condition, autism soon came to be regarded as a form 
of early onset schizophrenia3 and this continued until a 
series of studies differentiated the disorders on phenom-
enology, course and family history.4–9
With the advent of the autism spectrum concept, it is 
now recognized that there exist forms of both disorders 
which do not show such marked impairments. Although 
autism spectrum disorders (ASD) and “schizophrenia 
spectrum disorders,” such as schizotypal personality 
disorder (SPD), would be expected to differ on the level 
of mild psychotic symptoms and on restricted repetitive 
behaviors,10 there are significant overlaps between the con-
ditions: both occur in nonintellectually disabled people 
and are associated with social difficulties, idiosyncratic 
language and unusual behavior, as well as showing com-
mon associated psychopathology.11–24 Both conditions 
are also associated with deficits in social cognition.25–31 
Finally, the age of onset of SPD is unclear, while ASD 
may not become obvious until after early childhood, 
when social demands exceed ability.10 Thus the distinc-
tion between ASD and SPD can be difficult32–34; indeed it 
has been proposed that the disorders should not be clas-
sified separately.35
Clinical and neuropsychological similarities therefore 
exist between ASD and SPD, but it is unclear whether 
these share a common pathophysiological mechanism, 
as direct comparisons have not been conducted. It has 
been suggested that, although ASD and schizophrenia 
show similar social deficits, the mechanisms through 
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which these develop differ, with schizophrenia asso-
ciated with hyper-mentalizing (ie, over-ascription of 
mental states to others) and ASD associated with hypo-
mentalizing.36–40 To the authors’ knowledge, 3 func-
tional magnetic resonance imaging (fMRI) studies have 
directly compared ASD and schizophrenia using social 
cognition tasks41–43; these are broadly supportive of  the 
hypo-/hyper-mentalizing theory, particularly the most 
recent studies.41,44 However, it is also not clear whether 
these findings apply to higher functioning groups with 
ASD and SPD, in which fewer symptomatic differences 
are apparent.
We therefore compared social cognitive deficits in 
people with ASD and SPD and tested whether they are 
associated with different underlying brain activity using 
fMRI. We employed a social judgment task (assessing 
approachability from faces) on which we have previously 
shown impaired performance in ASD27 and schizophre-
nia.45 Making a judgment of  approachability requires 
individuals to assess affective information from facial 
cues and to interpret this in relation to the threat or oth-
erwise represented.46 Using fMRI, we have also shown 
this task to activate social brain regions in typically 
developing individuals, including the medial and infe-
rior prefrontal cortex, amygdala and cerebellum.46 We 
hypothesized that individuals with ASD and those with 
SPD would show impaired social judgment compared 
to controls, but that, consistent with the literature on 
autism and schizophrenia, those with SPD would show 
increased activation of  these brain regions while making 




Individuals with ASD were recruited from clinical and 
support services in Southeast Scotland. All had a DSM-IV 
diagnosis of either autism or Asperger Syndrome and met 
ASD cut-offs on the Autism Diagnostic Observational 
Schedule (ADOS-G).47
Participants with SPD were recruited from nonpsy-
chotic people who had previously participated in the 
Edinburgh High Risk Study of schizophrenia (EHRS)48 
and from clinical services in Southeast Scotland. All met 
DSM-IV criteria for SPD using the Structured Clinical 
Interview for DSM-IV Axis II Disorders (SCID-II).49
Some individuals met criteria for both ASD (deter-
mined by DSM-IV and the ADOS) and SPD (determined 
by the SCID-II). These were analyzed as a separate group, 
referred to as “comorbid” (CM).
Controls were recruited from participant and inves-
tigator acquaintances and the Scottish Mental Health 
Network research register. Individuals with a history of, 
or first degree relative with, ASD, SPD or a psychotic ill-
ness were excluded.
General exclusion criteria were IQ < 70, substance 
dependence or history of schizophreniform disorder, 
schizophrenia or bipolar affective disorder.
The study was approved by the NHS Lothian Research 
Ethics Committee. Written informed consent was 
obtained from all participants.
Assessments
In addition to the ADOS-G and the SCID-II, par-
ticipants were assessed using the Positive and Negative 
Syndrome Scale (PANSS)50 and the Wechsler Abbreviated 
Intelligence Scale.51 For those on antipsychotic medi-
cation, doses were converted to chlorpromazine 
equivalents.52,53
Social cognition was assessed outside the MRI scanner 
using the Ekman 60 facial emotion recognition test54 and 
a social judgments task.45 In the Ekman 60 each face was 
presented for up to 5 seconds and participants selected 
the emotion displayed from a randomly ordered list con-
sisting of fear, anger, disgust, sadness, happiness and sur-
prise. Ten presentations of each emotion were shown in 
a random order. Performance was measured by totaling 
correctly identified emotion labels.
For the social judgment task, participants were shown 
6 sets of 32 faces for up to 5 seconds each. In each set they 
allocated the faces into one of the following binary char-
acteristics: approachable-unapproachable, distinctive-not 
distinctive, young-old, trustworthy-untrustworthy, intel-
ligent-not intelligent, and attractive-unattractive. The 
stimuli for the social judgment task were the same as a 
previous study and ratings for each were scored as “cor-
rect” when they agreed with predefined ratings for each 
stimulus.45
fMRI Image Acquisition
Details of image acquisition and preprocessing are given 
in the supplementary material.
fMRI Approachability Task
The approachability component of the social judg-
ment task was adapted for the scanner as previously 
described.46 Face stimuli were presented in blocks of 
approachability judgments (“social” condition) and gen-
der judgments (“gender” condition). Stimuli differed 
from those employed for the behavioral task. Two runs 
were presented, each lasting 240 seconds. Three blocks of 
each condition were shown; each lasted for 25 seconds, 
separated by a central fixation cross (“Baseline” condi-
tion). Each block began with a 1 second visual reminder 
of the task for the block (“Approachable?” or “Gender?”), 
followed by 6 faces, in a pseudorandom order, each pre-
sented for 3.5 seconds with a 0.5-second gap between 
stimuli. Underneath the faces, participants were shown 
their bivalent choice (“Approachable:Not approachable” 
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or “Male:Female”) and indicated their selection by press-
ing a button in the hand corresponding to their choice. 
The stimuli were counterbalanced for stimulus order, 
judgment order, and hand used to indicate choice.
Data Analysis
Differences between demographic characteristics were 
determined using parametric or nonparametric tests. The 
PANSS, Ekman 60, and social judgment scores were not 
normally distributed and so were analyzed using Kruskal-
Wallis tests. When significant results were identified in the 
Kruskal-Wallis tests, follow-up Mann Whitney U tests 
were conducted. To assess the potential confounding 
effect of IQ, partial correlations between IQ and perfor-
mance were conducted across all participants with group 
as a covariate.
Statistical analysis of fMRI data were conducted using 
the general linear model in SPM8. Data for individual 
participants were modeled with 3 conditions (social judg-
ment, gender judgment and baseline). Parameters repre-
senting participant movement were entered as covariates 
of no interest. Contrast images were generated for each 
participant for 2 contrasts: social vs baseline and gender 
vs baseline. In the second level analysis, a 2 × 4 flexible 
factorial design matrix was constructed with the 2 con-
trasts (social vs baseline and gender vs baseline) as within 
subjects factors, and 4 groups (ASD, SPD, CM, and con-
trol) as between-subjects factors, in addition to subject 
constants. Contrasts were constructed to test the main 
effect of condition (social or gender) across all 4 groups; 
the effect of condition within each group; and the group × 
condition interaction. Note that the group × interaction 
contrast essentially allows comparison of the social and 
gender conditions, with the gender condition acting as a 
“high level” baseline to remove the effects of any differen-
tial face processing not related to affective content.
Between group analyses were conducted using an ini-
tial height threshold of P  =  .005 uncorrected. Cluster 
results were only considered significant at P < .05 after 
family wise error (FWE) correction for multiple compari-
sons across the whole brain. A small volume correction 
(SVC) was applied to the amygdala bilaterally.
When clusters showed a significant group × condition 
interaction, eigenvariates were extracted and the differ-
ence value calculated by subtracting the value for the 
gender vs baseline contrast from the social vs baseline 
contrast. These difference values were regressed against 
PANSS scores to explore the relationship between brain 
activation and symptomatology. To assess the effect of 
potential confounding factors, difference values were 
regressed against IQ, chlorpromazine equivalents and 
task performance. Regression analyses were conducted 
within IBM SPSS Statistics 19.0. Finally, to examine 
whether results related to differences in activation during 
the social or nonsocial condition, or both, eigenvariates 
for the social vs baseline and gender vs baseline condi-
tions were compared between groups.
Results
Participants
Characteristics of the participants are given in table 1.
No significant differences were seen with respect to 
gender, handedness, age or education (all P > .22). IQ 
scores differed significantly (F = 4.12, P = .009) with the 
control group having significantly higher IQ than the 
SPD and the CM group (all P < .05). The ASD, SPD and 
CM groups did not differ significantly on IQ (all P > .08). 
Ten participants were taking antipsychotic medication in 
chlorpromazine equivalent doses ranging from 25 mg to 
400 mg per day. The median chlorpromazine equivalent 
doses for those taking antipsychotics in each group were: 
ASD = 50 mg, SPD = 100 mg, CM = 150 mg. The SPD 
and the CM groups were more likely to be taking anti-
psychotic medication than the ASD or control groups 
(P = .008).
Clinical Features
Summary scores for PANSS positive and negative symp-
tom scales are shown in figure 1.
Kruskal-Wallis tests showed significant differences 
between the groups for positive and negative symptoms 
(χ2 = 49.3, P < .001 and χ2 = 41.7, P < .001, respectively). 
Follow-up Mann-Whitney tests showed that the ASD 
Table 1. Participant Characteristics
ASD SPD CM Controls
N 28 21 10 33
M:F 22:6 14:7 7:3 23:10
Age 39.5 (11.6) 37.1 (9.2) 34.9 (9.9) 36.5 (9.3)
Handedness 27:1 19:2 8:2 31:2
Years education 16.2 (1.7) 15.2 (2.0) 16.2 (2.3) 16.5 (1.9)
Full-scale IQ* 113.1 (17.3) 106.4 (10.7) 103.5 (22.5) 118.1 (9.9)
Antipsychotic use (yes:no)* 2:26 5:16 3:7 0:33
Note: ASD, autism spectrum disorder; SPD, schizotypal personality disorder; CM, comorbid.
*Differed significantly between groups (P < .05).
Page 4 of 9
A. C. Stanfield et al
group scored less than the SPD and CM groups on posi-
tive symptoms (Z = −3.34, P = .01; Z = −3.7, P < .001, 
respectively). With respect to negative symptoms, there 
was no difference between the ASD and SPD group 
(Z = −.82, P = .41); however, the CM group scored sig-
nificantly more than the SPD group (Z = −2.0, P = .04) 
and showed a trend towards a significantly higher score 
than the ASD group (Z = −1.7, P = .09).
Social Cognition
The results for the out of scanner social cognition tasks 
are summarized in supplementary table s1.
In the Ekman 60, there were no significant differ-
ences between the ASD, SPD, and CM groups on any 
measure. The ASD group identified significantly fewer 
angry faces correctly than the controls (P = .002), while 
the ASD, SPD, and CM groups all identified significantly 
fewer fearful faces correctly than the controls (all P < 
.05). A  significant positive relationship was seen across 
the groups between IQ and anger recognition (P < .001) 
suggesting differences in this measure may relate to IQ 
differences between the groups; no such relationship was 
seen for fear.
In the Social Judgments Task, the ASD, SPD, and 
CM groups did not differ significantly from each other 
on any of  the measures. The ASD and SPD groups 
both scored significantly less than the controls on judg-
ments of  approachability, attractiveness, distinctiveness 
and intelligence (all P < .05). The CM group scored 
significantly less than controls on judgments of  age and 
distinctiveness (P < .02 for both). IQ correlated posi-
tively with scores on age and distinctiveness (P  =  .01 
and P  =  .03, respectively), suggesting differences in 
these measures may relate to IQ differences between the 
groups.
Functional Magnetic Resonance Imaging
Two individuals from the ASD group, 1 from the SPD 
group and 1 from the CM group did not participate in the 
imaging component due to fear of the scanner environ-
ment. Two individuals (1 control, 1 ASD) were excluded 
due to technical issues such that meaningful data were not 
recorded. Finally, one individual with ASD was excluded 
due to imaging artifacts. Supplementary table s2 contains 
the details of those included in the scanning study.
Task Performance and Within Group Analyses. Details 
of in-scanner performance in the task and the within 
group analyses are in the supplementary material (sup-
plementary tables s3–s6 and figures s1–s5). Within the 
whole study group combined, greater activations were 
found in the social compared to the gender condition 
in many regions previously associated with social brain 
function: inferior frontal gyri, medial prefrontal cortex, 
left anterior temporal lobe, left superior temporal sulcus, 
occipital gyri, and the cerebellum. No regions showed 
greater activation in the gender vs the social condition.
ASD, SPD, CM vs Controls. There were no significant 
group × condition interactions in the ASD, SPD or CM 
vs control comparisons. However, in the ASD vs control 
comparison, 2 trends towards significant group × con-
dition interactions were observed, with the ASD group 
showing less increase in activation than the controls dur-
ing the social condition compared to the gender condi-
tion in the posterior cerebellum bilaterally (cluster peaks 
(30 −58 −44), P = .05; and (−45 −55 −41), P = .07; table 
s7 and figure s6 in supplementary material).
ASD vs SPD. A significant group × condition inter-
action was seen for the ASD vs SPD comparison. The 
SPD group showed significantly greater activation com-
pared to the ASD group when making social compared 
to gender judgments in a voxel in the amygdala and in 
3 clusters: the right posterior cerebellum, extending into 
the fusiform and inferior temporal gyri; the left posterior 
cerebellum; and the left intraparietal sulcus extending 
through the medial portions of the temporal gyri into the 
fusiform gyrus. For each of these regions the controls lay 
between the ASD and the SPD groups (figures 2 and 3; 
table s8 and figure s7 in the supplementary material).
Due to recent concerns expressed about the possibil-
ity of false positives due to the use of cluster-based sta-
tistics in resting state fMRI,55 we also examined data for 
this comparison using voxel-based inference with a height 
threshold of P < .05 FWE corrected, which has not been 
found to show the same concerns.55 In this case, in addition 
to the significant voxel in the amygdala, we identified sig-
nificant voxels in the right cerebellum at the same location 
as in our main analysis (Z = 4.54, P = .03) and in the right 
inferior frontal gyrus (MNI = 51 35 25, Z = 4.5, P = .03).
Fig. 1. Median Positive and Negative Syndrome Scale (PANSS) 
positive and negative symptom scores. Error bars represent 95% 
CIs.
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ASD vs CM. A significant group × condition inter-
action was observed in the ASD vs CM contrast. 
During the social condition compared to the gender 
condition the CM group showed significantly greater 
increases in activation than the ASD group in left pre- 
and post-central gyri and right cerebellum (supple-
mentary table s9).
SPD vs CM. There were no significant group × condi-
tion interactions for the SPD vs control contrast.
Analysis of Confounding Factors. No significant rela-
tionships were seen between fMRI activations and IQ, 
antipsychotic use or within-scanner task performance sug-
gesting that results are not confounded by these factors. To 
further explore the effects of antipsychotic medication on 
the fMRI results, the ASD vs SPD analysis was repeated 
after omitting those taking antipsychotic medication. In 
this analysis, greater activation was seen in the SPD then in 
the ASD group in the cerebellum bilaterally and in a new 
cluster in the ventromedial prefrontal cortex (tables s10–s11 
and figure s8 in supplementary material).
Exploratory Symptom Analysis. A significant group × 
symptom interaction (P = .04) was seen for positive symp-
toms when regressed against the extracted value from the 
left amygdala (−18 −10 −14). The ASD group showed a 
significant negative relationship between positive symp-
tom score and activation change during the social com-
pared to the gender condition (r = −50, P = .01) which 
Fig. 2. Clusters projected onto a rendered brain demonstrating regions of greater increase in activation in schizotypal personality 
disorder (SPD) compared to the autism spectrum disorder (ASD) group using the social > gender contrast in: (A) left temporo-parietal 
cluster (−24 −52 31); (B) left cerebellum (−15 −40 −38); (C) right cerebellum (33 −64 −44). All clusters were significant at an initial 
height threshold of P < .005 uncorrected with a cluster significance of P < .05 family wise error (FWE) corrected. Graphs underneath 
show difference values of extracted eigenvariates for each cluster.
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was similar to the relationship in the CM group but differ-
ent from the positive relationship in the SPD group (sup-
plementary figure s9a). A significant group × symptom 
interaction (P = .01) was also seen for negative symptoms 
and the extracted value from the frontal cluster identified 
in the ASD < CM contrast (−18 −19 49). For this cluster 
the CM group showed a significant positive relationship 
with negative symptoms (r = .76, P = .02) while the SPD 
group showed a trend towards a significant negative rela-
tionship (r = −.43, P = .06; supplementary figure s9b).
Analysis of Gender vs Baseline Condition. Analyses of 
the extracted gender vs baseline eigenvariates showed 
significantly increased activation in the ASD group in 
the left amygdala (−18 −10 −14) compared to the SPD 
and control groups (P = .003 and .01, respectively) and 
the left postcentral gyrus cluster (−18 −19 49) compared 
to the CM and control groups (P  =  .02 and P  =  .004, 
respectively). There were no instances of the SPD or CM 
groups showing greater activation than the other groups 
in the gender vs baseline analysis.
Discussion
To our knowledge this is the first study directly compar-
ing ASD and SPD using fMRI. The clinical groups all 
showed similar patterns of impairment compared to 
controls in negative symptoms and the social cognition 
tests, but clear differences were seen between the ASD 
and SPD groups using fMRI during the social judgment 
task. Differences between the ASD and SPD groups were 
also seen in the relationship between amygdala activa-
tion and positive symptoms. Our findings demonstrate 
that apparently similar clinical and neuropsychological 
features may be associated with quite distinct underlying 
brain mechanisms.
Although this is the first fMRI study comparing 
ASD and SPD, our findings are consistent with the 3 
previous imaging studies which compared ASD and 
schizophrenia. Pinkham et  al42 reported greater activa-
tion in right amygdala and left ventrolateral prefrontal 
cortex in non-paranoid individuals with schizophrenia 
compared to people with ASD during a trustworthiness 
judgment. In addition, a meta-analysis combining vari-
ous mentalizing tasks showed greater activation in people 
with schizophrenia compared to those with ASD, albeit 
in different brain regions than we identified.56 Pinkham 
et al also reported qualitatively different factors under-
lying paranoia in ASD and schizophrenia,57 consistent 
with the opposing correlations between amygdala activa-
tion and positive symptoms that we report. This is also 
in keeping with a study showing that psychosis in autism 
was associated with different structural brain changes 
than psychosis alone.58
Recently, Ciaramidaro et al41 identified opposing pat-
terns of brain activation in ASD and schizophrenia dur-
ing intentionality assessment. Specifically, using stimuli 
which didn’t require the assessment of intention they 
identified hyperactivation in schizophrenia compared to 
controls in VMPFC and left posterior superior temporal 
sulcus. In contrast, using stimuli requiring an assessment 
of intention they found hypoactivation in the right pos-
terior superior temporal sulcus in ASD. Similarly, Eack 
et  al also identified increased ventromedial prefrontal 
and temporo-parietal junction activity in patients with 
schizophrenia compared to those with ASD during a 
visual perspective taking task.43 These findings are com-
parable to ours in that we also found opposing patterns of 
activation between groups in left temporoparietal regions 
and in the VMPFC, although the latter was only appar-
ent in unmedicated individuals. However, Ciaramidaro 
et al’s findings also differ from ours in that they identi-
fied hyperactivation to a non-intentional stimulus in the 
schizophrenia group, whereas our findings are limited to 
explicit social judgments (ie, hyperactivation in the SPD 
group was not seen in the gender vs baseline analysis). 
This disparity between studies could relate to task dif-
ferences, or to the difference between schizophrenia and 
Fig. 3. Location of peak voxel (P = .03 family wise error [FWE] corrected) of increased amygdala activation (−18 10 14) and graph of 
difference values of extracted eigenvariates for social > gender contrast in schizotypal personality disorder (SPD) vs autism spectrum 
disorder (ASD).
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SPD. It is possible that in people with SPD, this hyperac-
tivation is limited to explicit social judgments, as opposed 
to also being inappropriately present during nonsocial 
judgments in schizophrenia.41,59 This may represent the 
mechanism by which individuals with SPD are spared 
some of the more severe symptomatology associated with 
schizophrenia.
We found hyperactivation in SPD compared to ASD in 
2 regions we previously found to be activated in controls 
using the same task: the amygdala and the cerebellum. 
The amygdala has a range of functions in socio-emo-
tional processing which include the detection of threat,60 
so the increase in activation may represent an exaggera-
tion of this response in SPD; with a relatively reduced 
response to such stimuli in the ASD group. However, 
we have previously found that the amygdala is activated 
by both affective and non-affective judgments, suggest-
ing that the hyperactivation observed here may relate 
to a broader role of the amygdala in inferring the traits 
of others.46 Consistent with this, a recent meta-analysis 
found that activations in posterior cerebellum, which 
overlap strongly with those identified here, are also asso-
ciated with tasks requiring participants to draw infer-
ences about traits of others.61
We also identified increased activation in participants 
with SPD compared to those with ASD in the fusiform 
gyrus, a region strongly associated with face process-
ing.62 On the left side we also identified a cluster in the 
intraparietal sulcus extending through the temporal gyri, 
including the superior temporal sulcus. The intraparietal 
sulcus and the superior temporal sulcus are known to be 
involved in assessing the intent of others,63,64 although 
more usually in the context of biological motion percep-
tion. Interestingly, increased activity in these regions has 
been reported in people with schizophrenia compared to 
controls when making judgments of a nonsocial, but not 
a social, nature59 and was also identified as hyperactive 
in schizophrenia compared to ASD by both Ciaramidaro 
et al41 and Eack et al.43
Although we did not identify clear group differences 
between either the ASD or SPD groups and the controls, 
results in the controls tended to lie between the 2 clinical 
groups, as did the findings for the CM group (figures 2 
and 3). Given this, and the above, we suggest that our 
findings are consistent with the hypo- and hyper-men-
talizing theory of ASD and schizophrenia.36–38 Further 
evidence for distinct patterns of pathophysiology comes 
from our finding that increased activation in the left 
amygdala is associated with increased positive symp-
toms in SPD, whereas the reverse is true in ASD. These 
opposite patterns of correlation are consistent with the 
hypo- and hyper-mentalizing theory of the autism and 
schizophrenia spectrums with the SPD group develop-
ing psychotic symptoms due to over-activation of amyg-
dala, whereas the ASD group develops such symptoms 
due to under-activation of this region. It should be noted 
however that we made no attempt to correct for multiple 
comparisons for these exploratory analyses and there-
fore further research is required to confirm the differ-
ential symptom-function relationships which we report. 
At present, however, our results are in keeping with the 
idea that the schizophrenia and autism spectrums rep-
resent diametrical disorders of brain development, at 
least in regard to social cognition.36,39,40 Future studies 
investigating brain activation during other aspects of 
brain function known to be impaired in both conditions 
are required to determine if  similar patterns are seen for 
other cognitive domains.
Irrespective of the exact nature of the underlying pro-
cess, the differences we report carry important implica-
tions for clinical practice and classification. In particular 
it is important to note that clinical phenotypes can appear 
similar but arise from very different mechanisms and may 
therefore require quite different treatment approaches. 
This raises the prospect of developing treatments targeted 
at mentalizing styles, as opposed to clinical symptoms, an 
idea in keeping with the RDoC proposals.65 These find-
ings also highlight the importance of considering SPD 
as a differential diagnosis for ASD and vice versa; it is 
therefore important that diagnostic services where these 
conditions may be met, especially those working with 
adults, contain access to skilled professional assessment 
of both sets of disorders.
We also identified people who met criteria for both 
ASD and SPD. This is consistent with previous work 
which reported that 23% of people with ASD met cri-
teria for SPD.32 These “comorbid” individuals were 
more symptomatic than those with either condition 
alone, highlighting the importance of their identifica-
tion. Interestingly, the fMRI findings for the CM group 
showed differences compared to the ASD group suggest-
ing that they do not simply suffer from severe ASD. In 
contrast, there were no significant differences between 
the CM and SPD groups, which may indicate that they 
have a form of SPD. However, the numbers in this group 
are small making it difficult to draw firm conclusions. It 
is also possible that the definition of the CM group is 
reflective of the diagnostic tools that we employed and 
that more detailed clinical investigation could allocate 
members of this group more confidently into either one 
category or the other.
A number of limitations of the current study merit men-
tion. The sample size is relatively small, especially the CM 
group, and a larger population may have identified more 
subtle differences. IQ differences were apparent between the 
groups, although the lack of correlation between IQ and the 
fMRI results suggests that this did not confound the results. 
In addition, ASD diagnoses were based upon DSM-IV cri-
teria, and confirmed using the ADOS; we would ideally 
also have included a standardized developmental history 
but this was not practicable in this adult sample. In terms 
of the image analysis, the choice of threshold for our fMRI 
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may be considered to be quite lenient raising the risk of type 
I error; however, we note that some differences between the 
groups were still apparent using the more stringent55 voxel 
based inference. Finally, it is likely that the gender judgment 
condition, although intended to remove non-affective face 
processing related activations, also contained an element of 
implicit social judgments, which may have reduced the dif-
ferences between our groups when compared to the explicit 
judgment of approachability. The addition of a gender 
judgment using neutral stimuli with no affective content 
would perhaps have revealed greater differences between 
the groups.
Notwithstanding these limitations, we report marked 
overlaps between ASD and SPD in negative symptoms 
and social cognitive difficulties, but significant differences 
on examination of social brain activity using fMRI, con-
sistent with the idea that these superficially similar condi-
tions are associated with distinct underlying mechanisms.
Supplementary Material
Supplementary data are available at Schizophrenia 
Bulletin online.
Funding
This work was supported by a fellowship awarded to 
A.C.S. from the Wellcome Trust (WT802131MF) and by a 
research grant from Medical Research Scotland (206FRG). 
Further support came from the Shirley Foundation and 
the Dr Mortimer and Theresa Sackler Foundation.
Acknowledgments
The authors thank Professor Andy Young (University of 
York) for permission to use the Social Judgments Task 
and Katie Baynham for assistance with data collection. 
The authors have declared that there are no conflicts of 
interest in relation to the subject of this study.
References
 1. Bleuler E. Dementia Praecox or the Group of Schizophrenias 
(trans. Zinkin J.). New York, NY: International Universities 
Press; 1911.
 2. Kanner L. Autistic disturbances of affective contact. Nervous 
Child. 1943;2:217–250.
 3. Bender L. Childhood schizophrenia; clinical study on one 
hundred schizophrenic children. Am J Orthopsychiatry. 
1947;17:40–56.
 4. Kolvin I. Studies in the childhood psychoses. I.  Diagnostic 
criteria and classification. Br J Psychiatry. 1971;118:381–384.
 5. Kolvin I, Garside RF, Kidd JS. Studies in the childhood psy-
choses. IV. Parental personality and attitude and childhood 
psychoses. Br J Psychiatry. 1971;118:403–406.
 6. Kolvin I, Humphrey M, McNay A. Studies in the childhood 
psychoses. VI. Cognitive factors in childhood psychoses. Br J 
Psychiatry. 1971;118:415–419.
 7. Kolvin I, Ounsted C, Humphrey M, McNay A. Studies in the 
childhood psychoses. II. The phenomenology of childhood 
psychoses. Br J Psychiatry. 1971;118:385–395.
 8. Kolvin I, Ounsted C, Richardson LM, Garside RF. Studies in 
the childhood psychoses. 3. The family and social background 
in childhood psychoses. Br J Psychiatry. 1971;118:396–402.
 9. Kolvin I, Ounsted C, Roth M. Studies in the childhood psy-
choses. V. Cerebral dysfunction and childhood psychoses. Br 
J Psychiatry. 1971;118:407–414.
 10. American Psychiatric Association. Diagnostic and Statistical 
Manual of Mental Disorders. 5th ed. Washington, DC: 
American Psychiatric Association; 2013.
 11. Esterberg ML, Trotman HD, Brasfield JL, Compton MT, 
Walker EF. Childhood and current autistic features in ado-
lescents with schizotypal personality disorder. Schizophr Res. 
2008;104:265–273.
 12. Lewandowski KE, Barrantes-Vidal N, Nelson-Gray RO, 
Clancy C, Kepley HO, Kwapil TR. Anxiety and depres-
sion symptoms in psychometrically identified schizotypy. 
Schizophr Res. 2006;83:225–235.
 13. Weisbrot DM, Gadow KD, DeVincent CJ, Pomeroy J. The pres-
entation of anxiety in children with pervasive developmental 
disorders. J Child Adolesc Psychopharmacol. 2005;15:477–496.
 14. Leyfer OT, Folstein SE, Bacalman S, et al. Comorbid psychi-
atric disorders in children with autism: interview development 
and rates of disorders. J Autism Dev Disord. 2006;36:849–861.
 15. Poyurovsky M, Koran LM. Obsessive-compulsive disorder 
(OCD) with schizotypy vs. schizophrenia with OCD: diag-
nostic dilemmas and therapeutic implications. J Psychiatr 
Res. 2005;39:399–408.
 16. Craig JS, Hatton C, Craig FB, Bentall RP. Persecutory beliefs, 
attributions and theory of mind: comparison of patients with 
paranoid delusions, Asperger’s syndrome and healthy con-
trols. Schizophr Res. 2004;69:29–33.
 17. Blackshaw AJ, Kinderman P, Hare DJ, Hatton C. Theory of 
mind, causal attribution and paranoia in Asperger syndrome. 
Autism. 2001;5:147–163.
 18. Dykens E, Volkmar F, Glick M. Though disorder in high-func-
tioning autistic adults. J Autism Dev Disord. 1991;21:291–301.
 19. van der Gaag RJ, Caplan R, van Engeland H, Loman F, 
Buitelaar JK. A controlled study of formal thought disorder 
in children with autism and multiple complex developmental 
disorders. J Child Adolesc Psychopharmacol. 2005;15:465–476.
 20. Pinkham AE, Hopfinger J, Penn DL. Context influences 
social cognitive judgments in paranoid individuals with schiz-
ophrenia. Schizophr Res. 2012;135:196–197.
 21. Solomon M, Ozonoff S, Carter C, Caplan R. Formal thought 
disorder and the autism spectrum: relationship with symp-
toms, executive control, and anxiety. J Autism Dev Disord. 
2008;38:1474–1484.
 22. Barneveld PS, de Sonneville L, van Rijn S, van Engeland H, 
Swaab H. Impaired response inhibition in autism spectrum 
disorders, a marker of  vulnerability to schizophrenia spec-
trum disorders? J Int Neuropsychol Soc. 2013;19:646–655.
 23. Barneveld PS, Pieterse J, de Sonneville L, et al. Overlap of 
autistic and schizotypal traits in adolescents with Autism 
Spectrum Disorders. Schizophr Res. 2011;126:231–236.
 24. Gadow KD, DeVincent CJ. Comparison of children with 
autism spectrum disorder with and without schizophrenia 
spectrum traits: gender, season of birth, and mental health 
risk factors. J Autism Dev Disord. 2012;42:2285–2296.
 25. Baron-Cohen S, Leslie AM, Frith U. Does the autistic child 
have a “theory of mind”? Cognition. 1985;21:37–46.
Page 9 of 9
fMRI in ASD and SPD
 26. Rutherford MD, Baron-Cohen S, Wheelwright S. Reading the 
mind in the voice: a study with normal adults and adults with 
Asperger syndrome and high functioning autism. J Autism 
Dev Disord. 2002;32:189–194.
 27. Philip RC, Whalley HC, Stanfield AC, et al. Deficits in facial, 
body movement and vocal emotional processing in autism 
spectrum disorders. Psychol Med. 2010;40:1919–1929.
 28. Happé FG. An advanced test of theory of mind: understand-
ing of story characters’ thoughts and feelings by able autis-
tic, mentally handicapped, and normal children and adults. J 
Autism Dev Disord. 1994;24:129–154.
 29. Germine LT, Hooker CI. Face emotion recognition is related 
to individual differences in psychosis-proneness. Psychol 
Med. 2011;41:937–947.
 30. Mikhailova ES, Vladimirova TV, Iznak AF, Tsusulkovskaya EJ, 
Sushko NV. Abnormal recognition of facial expression of emo-
tions in depressed patients with major depression disorder and 
schizotypal personality disorder. Biol Psychiatry. 1996;40:697–705.
 31. Abbott G, Byrne LK. Schizotypal traits are associated with 
poorer identification of emotions from dynamic stimuli. 
Psychiatry Res. 2013;207:40–44.
 32. Anckarsäter H, Stahlberg O, Larson T, et al. The impact of 
ADHD and autism spectrum disorders on temperament, 
character, and personality development. Am J Psychiatry. 
2006;163:1239–1244.
 33. Roberts S, Garralda E, Renfrew D. Schizotypal disorder 
among child and adolescent mental health services users. J 
Am Acad Child Adolesc Psychiatry. 2001;40:1366.
 34. Wolff  S. ‘Schizoid’ personality in childhood and adult life. 
I: The vagaries of diagnostic labelling. Br J Psychiatry. 
1991;159:615–620, 634-615.
 35. Wolff  S. Loners: The Life Path of Unusual Children. London, 
UK: Routledge; 1995.
 36. Abu-Akel A, Bailey AL. Letter. Psychol Med. 
2000;30:735–738.
 37. Frith CD. Schizophrenia and theory of mind. Psychol Med. 
2004;34:385–389.
 38. Chisholm K, Lin A, Abu-Akel A, Wood SJ. The associa-
tion between autism and schizophrenia spectrum disorders: 
A review of eight alternate models of co-occurrence. Neurosci 
Biobehav Rev. 2015;55:173–183.
 39. Crespi B, Badcock C. Psychosis and autism as diametrical 
disorders of the social brain. Behav Brain Sci. 2008;31:241–
261; discussion 261.
 40. Crespi BJ, Go MC. Diametrical diseases reflect evolution-
ary-genetic tradeoffs: evidence from psychiatry, neurology, 
rheumatology, oncology and immunology. Evol Med Public 
Health. 2015;2015:216–253.
 41. Ciaramidaro A, Bölte S, Schlitt S, et  al. Schizophrenia 
and autism as contrasting minds: neural evidence for the 
hypo-hyper-intentionality hypothesis. Schizophr Bull. 
2015;41:171–179.
 42. Pinkham AE, Hopfinger JB, Pelphrey KA, Piven J, Penn DL. 
Neural bases for impaired social cognition in schizophrenia and 
autism spectrum disorders. Schizophr Res. 2008;99:164–175.
 43. Eack SM, Wojtalik JA, Keshavan MS, Minshew NJ. Social-
cognitive brain function and connectivity during visual per-
spective-taking in autism and schizophrenia. Schizophr Res. 
2017;183:102–109.
 44. Eack SM, Bahorik AL, McKnight SA, et al. Commonalities 
in social and non-social cognitive impairments in adults with 
autism spectrum disorder and schizophrenia. Schizophr Res. 
2013;148:24–28.
 45. Hall J, Harris JM, Sprengelmeyer R, et  al. Social cogni-
tion and face processing in schizophrenia. Br J Psychiatry. 
2004;185:169–170.
 46. Hall J, Whalley HC, McKirdy JW, et al. A common neural 
system mediating two different forms of social judgement. 
Psychol Med. 2010;40:1183–1192.
 47. Lord C, Risi S, Lambrecht L, et  al. The autism diagnostic 
observation schedule-generic: a standard measure of social 
and communication deficits associated with the spectrum of 
autism. J Autism Dev Disord. 2000;30:205–223.
 48. Johnstone EC, Ebmeier KP, Miller P, Owens DG, Lawrie 
SM. Predicting schizophrenia: findings from the Edinburgh 
High-Risk Study. Br J Psychiatry. 2005;186:18–25.
 49. First MB, Gibbon M, Spitzer RL, Williams JBW, Benjamin 
LS. Structured Clinical Interview for DSM-IV Axis II 
Personality Disorders, (SCID-II). Washington, DC: 
American Psychiatric Press, Inc.; 1997.
 50. Kay SR, Fiszbein A, Opler LA. The positive and negative 
syndrome scale (PANSS) for schizophrenia. Schizophr Bull. 
1987;13:261–276.
 51. Wechsler D. Wechsler Abbreviated Intelligence Scale. San 
Antonio, TX: The Psychological Corporation; 1999.
 52. Davis JM. Dose equivalence of the antipsychotic drugs. J 
Psychiatr Res. 1974;11:65–69.
 53. Woods SW. Chlorpromazine equivalent doses for the newer 
atypical antipsychotics. J Clin Psychiatry. 2003;64:663–667.
 54. Ekman P, Friesen WV. Pictures of Facial Affect. Palo Alto, 
CA: Consulting Psychologists Press; 1976.
 55. Eklund A, Nichols TE, Knutsson H. Cluster failure: why 
fMRI inferences for spatial extent have inflated false-positive 
rates. Proc Natl Acad Sci U S A. 2016;113:7900–7905.
 56. Sugranyes G, Kyriakopoulos M, Corrigall R, Taylor E, 
Frangou S. Autism spectrum disorders and schizophrenia: 
meta-analysis of the neural correlates of social cognition. 
PLoS One. 2011;6:e25322.
 57. Pinkham AE, Sasson NJ, Beaton D, Abdi H, Kohler CG, 
Penn DL. Qualitatively distinct factors contribute to elevated 
rates of paranoia in autism and schizophrenia. J Abnorm 
Psychol. 2012;121:767–777.
 58. Toal F, Bloemen OJ, Deeley Q, et al. Psychosis and autism: 
magnetic resonance imaging study of brain anatomy. Br J 
Psychiatry. 2009;194:418–425.
 59. Walter H, Ciaramidaro A, Adenzato M, et al. Dysfunction of 
the social brain in schizophrenia is modulated by intention type: 
an fMRI study. Soc Cogn Affect Neurosci. 2009;4:166–176.
 60. Dolan RJ, Vuilleumier P. Amygdala automaticity in emo-
tional processing. Ann N Y Acad Sci. 2003;985:348–355.
 61. Van Overwalle F, Baetens K, Mariën P, Vandekerckhove M. 
Social cognition and the cerebellum: a meta-analysis of over 
350 fMRI studies. Neuroimage. 2014;86:554–572.
 62. Haxby JV, Hoffman EA, Gobbini MI. The distributed 
human neural system for face perception. Trends Cogn Sci. 
2000;4:223–233.
 63. Hamilton AF, Grafton ST. Goal representation in human 
anterior intraparietal sulcus. J Neurosci. 2006;26:1133–1137.
 64. Pelphrey KA, Shultz S, Hudac CM, Vander Wyk BC. 
Research review: constraining heterogeneity: the social brain 
and its development in autism spectrum disorder. J Child 
Psychol Psychiatry. 2011;52:631–644.
 65. Insel TR. The NIMH Research Domain Criteria (RDoC) 
Project: precision medicine for psychiatry. Am J Psychiatry. 
2014;171:395–397.
